Purpose: This study examined the functioning of a central comprehension mechanism, suppression, in adults with righthemisphere damage (RHD) while they processed narratives that cued a shift in time frame. In normal language comprehension, mental activation of concepts from a prior time frame is suppressed. The (re)activation of information following a time frame shift was also assessed. Method: Twenty adults (12 RHD; 8 non brain-damaged) completed a speeded word recognition task while listening to narratives in 2 conditions: shift (''an hour later'') and no shift (''a moment later''). Results: There was no group difference in suppression for response time proportion data (shift/no shift), but cluster analyses identified a suppression deficit in 8 of the adults with RHD. There was overlap in suppression function at the narrative and lexical levels. The group with RHD was significantly delayed in mentally (re)activating new information after a time shift cue. Conclusion: Results underscore the generality of suppression functioning in adults with RHD. As such, treatment for a suppression deficit at one level may generalize to another level. An apparent independence of suppression and activation deficits suggests that each may need separate treatment. A better understanding of the nature and boundary conditions of suppression and activation deficits should better inform clinical decisions.
Key Words: stroke, cognition, aging, language N arrative comprehension is frequently impaired following unilateral right-hemisphere damage (RHD; Molloy, Brownell, & Gardner, 1990; Tompkins, Fassbinder, Lehman-Blake & Baumgaertner, 2002) . One central mechanism in classic models of language comprehension is the suppression mechanism (Gernsbacher, 1990 (Gernsbacher, , 1995 . Suppression is a general comprehension mechanism that acts across language levels and domains (e.g., words, sentences, narratives) and functions to dampen the mental representation of information that turns out to be contextually irrelevant or incompatible (Gernsbacher, 1990 (Gernsbacher, , 1995 . For example, the card-playing meaning of the ambiguous word spade is briefly active when a comprehender encounters the sentence ''She dug with a spade'' (Swinney, 1979; Tompkins, Baumgaertner, Lehman, & Fassbinder, 2000) , but that meaning is quickly suppressed as the broader context of the sentence is interpreted and integrated (Swinney, 1979; Tompkins et al., 2000) .
As a group, adults with RHD are less effective than non brain-damaged (NBD) adults at suppressing contextually incompatible meanings of ambiguous words Klepousniotou & Baum, 2005; Tompkins et al., 2000) and inferences (Tompkins, Fassbinder, Lehman-Blake, Baumgaertner & Jayaram, 2004) . In addition, narrative comprehension by adults with RHD is predicted by the effectiveness with which they suppress contextually irrelevant, alternative meanings (Tompkins et al., 2000 (Tompkins et al., , 2004 Tompkins, Lehman-Blake, Baumgaertner, & Fassbinder, 2001) .
The current study extends research on suppression deficits in the narrative processing of adults with RHD in order to further examine the generality of the deficit. First, the study draws on an elaboration of classic language comprehension models, the event-indexing model (Zwaan, Langston, & Graesser, 1995) , and examines the crucial dimension of ''time'' in narratives. Second, the information to be suppressed in the experimental stimuli is not incompatible or irrelevant with the broader narrative context; rather, that information is simply less immediately relevant because the narrative time line has jumped ahead. Finally, this study implements a more ecologically valid assessment of narrative processing by measuring it while participants process narratives, rather than afterward, as has been typical of other studies (e.g., Tompkins et al., 2000 Tompkins et al., , 2001 Tompkins et al., , 2004 . Overall, further study of the influence of the suppression function on the narrative processing of adults with RHD will help both to inform the clinical a decision-making process for this population and to advance the theoretical underpinnings of narrative comprehension.
The event-indexing model of Zwaan et al. (1995) , which provides a framework for narrative comprehension and for the hypotheses in the current study, proposes that events are the building blocks of an integrated mental representation of a text. In this model, events provide a structure for how comprehenders track information as they read or listen to a narrative. Events are cataloged on five dimensions, each of which is tracked by comprehenders during narrative processing: time, space (location), causation, motivation, and protagonist. The current study investigates the dimension of time-and in particular, shifts in the narrative time frame-in order to further explore the suppression mechanism, which is a well-known area of deficit in some adults with RHD Klepousniotou & Baum, 2005; Tompkins et al., 2000) .
The assumptions for how comprehenders represent elements of time in a narrative context are integral to understanding the predictions and interpretations for how and why suppression is triggered by a shift in the narrative time frame. There are two main assumptions in this regard. One is that the time frame in normal narrative processing is linear (ter Meulen, 1995) and continuous (Speer & Zacks, 2005; Zwann, 1996) . The other assumption reflects the temporal discourse interpretation principle, which states that the default supposition during narrative comprehension is that sequential sentences in a narrative describe sequential events (e.g., Fleischman, 1990; Hopper, 1979) . In addition, comprehenders rely heavily on their real-world knowledge for prototypical event durations in constructing and updating mental models of narratives (Zwaan & Radvansky, 1998) . Comprehenders also use temporal information, which can be conveyed across all word classes, to update and sequence events.
Comprehenders use references to time to help establish event boundaries in order to segment a narrative to enhance overall comprehension (Speer & Zacks, 2005) . Event boundaries are triggered by shifts in the narrative time line, and comprehenders use time shifts (e.g. ''an hour later'') to create a new mental model of the text, thus updating their ongoing representation of what is happening in the narrative. Speer and Zacks (2005) reported that young adult readers are more likely to mark event boundaries preceding the phrase ''an hour later'' versus ''a moment later.'' This work complements other studies that show slower reading times for sentences that imply temporal changes versus sentences that do not (Zwaan, 1996; Zwaan & Radvansky, 1998) . Establishing an event boundary should reduce the speed and accuracy with which previously presented information is accessed from memory (Speer & Zacks, 2005) . Ditman, Holcomb, and Kuperberg (2008) postulated that temporal shifts can increase processing time via two mechanisms: (a) integrating the time shift and updating the narrative model and (b) accessing information from the event before the time shift (cf. Ericsson & Kintsch, 1995; Zwaan & Radvansky, 1998) . Speer and Zacks concluded that after a reader has established an event boundary, the information related to a previous mental model of the narrative may be less available in memory but may still able to be retrieved given a sufficient amount of time.
This study extends the literature in narrative comprehension of adults with RHD by examining the functioning of suppression in narratives that cue an event boundary via a comprehender's shift in time frame. Shifts in the time frame of events trigger the suppression mechanism to reduce the comprehender's mental activation of information that was processed and represented before the time shift (Speer & Zacks, 2005; Zwann et al., 1995) . When the continuous time frame of a narrative is disrupted (e.g., something happens an hour later), information that was mentally active before the time shift becomes less relevant and, in normal language comprehension, is suppressed.
Because suppression acts across language levels and domains (Gernsbacher, 1990 (Gernsbacher, , 1995 , predictions for participants with RHD in this study were derived from the literature on how the suppression mechanism works at the lexical level. The lexical-level findings indicate that contextually incompatible interpretations take some adults with RHD a long time to suppress Tompkins et al., 2000) . Based on evidence of a suppression deficit in processing contextually inappropriate meanings of ambiguous words for a group of adults with RHD Klepousniotou & Baum, 2005; Tompkins et al., 2000) , we predicted that as a group, the adults with RHD in our study would have difficulty suppressing information from a prior time frame following a shift in narrative time line (e.g., an hour later). It was also expected, though, that some adults with RHD would not demonstrate the predicted suppression deficit because the suppression function ranges from strong to weak in various groups of individuals such as young NBD comprehenders (e.g., Gernsbacher, 1990 Gernsbacher, , 1995 Gernsbacher & Faust, 1991) , older NBD adults (e.g., Hamm & Hasher, 1992) , and adults with RHD Tompkins et al., 2000) .
An alternative possibility to the prediction of suppression deficit was that (a subset of) adults with RHD may have difficulty activating the information in the new time frame following the time frame shift. This activation deficit hypothesis was considered to be less likely than the suppression deficit hypothesis because adults with RHD routinely activate multiple competing concepts during sentence-and discourse-level processing (Brownell & Martino, 1998; Molloy et al., 1990; Stemmer & Joanette, 1998; Tompkins et al., 2000 Tompkins et al., , 2002 .
Method

Design
This study used a mixed, 2-factor design (Group × Narrative Time Frame Shift). Group (RHD vs. NBD) was the between-subjects factor, and narrative time frame shift (shift vs. no shift) was the within-subjects factor.
Participants
Twenty adults participated in this study:12 had unilateral RHD due to cerebrovascular accident confirmed by CT/MRI scan reports, and eight were NBD adults without neurologic impairment per self-report. Table 1 provides biographical and clinical characteristics for both participant groups. All participants met the following inclusion criteria: They were monolingual native speakers of American English via self-report of not learning or using any other languages as a child, they were premorbidly righthanded as determined by self-report of using only their right hand for the six most discriminating items from the Annet (1970 ) inventory (after Geffen, 1982 , they passed a puretone air-conduction hearing screening via conventional headphones at 25 dB HL at the frequencies of 1000, 2000, and 4000 Hz in both ears (American Speech-LanguageHearing Association, 1997), and they had visual acuity sufficient to read aloud the 12-point font yes/no labels on the experimental response box.
Participants with RHD were recruited from the Tompkins' Language Lab Research Registry, which excludes potential participants based on medically documented evidence of bilateral lesions, brainstem or cerebellar damage, premorbid seizure disorders, head injuries requiring hospitalization, documented history of alcoholism and/or drug use, psychiatric illness, or a potentially cognitively worsening diagnosis such as Alzheimer's disease. Individuals in the NBD group were predominantly recruited via the Tompkins' Language Lab Research Registry and also via newspaper advertisement. Exclusion criteria were consistent with the RHD group except that the NBD participants were interviewed before enrollment for any history of neurological issues or problems with drug and/or alcohol use. Potential NBD participants were given the Mini-Mental State Exam (Folstein, Folstein, & McHugh, 1975 ) as a cognitive screening and were excluded if they scored <28 out of 30 potential points.
Narrative Stimuli
Excerpts from the study stimuli are provided in Appendix A. Participants listened to 10 narratives that were loosely based on stimuli from Speer and Zacks (2005) , which describe characters that are engaged in a series of activities (e.g., cleaning the windows, sweeping the floor, and arranging items on a shelf when the protagonist is cleaning the garage) and include markers of event boundaries/time shifts (e.g., something happens an hour later). The themes of the Speer and Zacks stimuli were significantly modified for use with an older population and for individuals with RHD. The narratives also were modified to avoid a confound in a number of previous studies of the time dimension in narrative processing. That is, prior investigations (e.g., Anderson, Garrod, & Sanford, 1983; Speer & Zacks, 2005) implemented a location shift along with a time shift. Thus, in order to limit the effects of experimental manipulation to the single dimension of the event-indexing model (Zwaan et al., 1995) -time-the narratives for our study revolved around a single character in a single location. The narratives contained 20-24 sentences and as audio-recorded were 2-3 min long.
Each narrative consisted of three sentence types: introduction (or transition) sentences to set up or help the (Bayles & Tomoeda, 1993 ; maximum = 17). *Significantly different by independent t test at p < .05. story progress, object sentences that contained the target words, and time frame initiation sentences that either did or did not cue a shift in the narrative time frame. Time frame initiation sentences began with either the phrase ''an hour later'' (shift condition) or the phrase ''a moment later'' (noshift condition). The activities in each narrative were chosen so that they would logically take either an hour or a moment to complete. An alternate version of each narrative was developed so that the target words could be probed in both the shift and no-shift conditions. The two versions differed in both protagonist and setting.
The narratives also contained three types of trials: suppression, activation, and filler. The suppression trials assessed the dampening of mental activation for information that was provided before a time frame shift. Thus, for suppression trials, the target word was positioned before the time frame initiation sentence and was probed after that sentence. The activation trials assessed the mental activation of new information that was provided after a time frame shift, so the target words were positioned and probed after the time frame initiation sentence. The filler trials disguised the relationship between time frame shift sentences and target words. Filler targets were words that did not occur in the narrative. Half of the filler targets were semantically related to the immediately prior sentence and half were not. Filler targets were probed before or after the time frame shift. Suppression, activation, and filler trials were evenly distributed across the two narrative versions. In addition, target words occurred in the first half of the narrative in one version and in the second half in its alternate version.
Four target words of each trial type-suppression, activation, and filler-were interspersed throughout each narrative to be probed in a word recognition task. Across five narratives, there were a total of 20 experimental target words for the suppression trials and 20 for the activation trials. The experimental target words were unambiguous 1-to 2-syllable common nouns (although noun-verb ambiguities were allowed if their meanings were derived from one another, as were words that had a secondary meaning with <5% frequency of occurrence in the Nelson word association norms [Nelson, McEvoy, & Schreiber, 1998 ]). These critical nouns were mentioned only once in each version of their corresponding narratives. In order to control for intralexical priming (Balogh, Zurif, Prather, Swinney, & Finkel, 1998) , target nouns occurred at least seven syllables before being probed and never in the sentence-final position.
The average number of syllables between the mention and probing of a critical noun was 18.1 for the suppression trials and 12.5 for the activation trials. This difference reflects the fact that the target words occurred before the time frame initiation sentence for the suppression trials and after for the activation trials. The mean lexical decision reaction time (RT) for the suppression target words was 610 ms and for the activation target words was 612 ms, per the English Lexicon Project website (http://elexicon.wustl.edu/; Balota et al., 2002) . There was a 175-ms interstimulus interval between the sentence-final word offset of a time frame initiation sentence and the onset of a probe word.
Experimental Task
The experimental task was speeded word recognition, in which participants manually pressed one of two labeled buttons (yes/no) to indicate as quickly as possible whether a target word had already been stated in the narrative. Both accuracy and millisecond RTs were collected via E-Prime software (Schneider, Eschman, & Zuccolotto, 2002 ) using a serial response box. Immediately following the final response for each narrative, the participants were asked three recognition questions about the main ideas or details that were stated in the narrative, to be answered yes or no (see Appendix A). These questions were five to nine words in length (average of 6.2 words) and were read aloud by the first author. The comprehension questions were balanced for yes and no responses and for which segments of the story the questions tapped. In addition, the comprehension questions queried content equally from the time frame shift and noshift conditions and focused on information from the filler trials to avoid additional repetitions of the suppression or activation target words.
Task Construction
To aid in perceptual segmentation, a well-rehearsed female speaker audio-recorded all of the experimental narratives, and a well-rehearsed male speaker audio-recorded the words that were used in the probe task. Recordings were made at ,4 syllables per second via an Audio-Technica microphone (Model ATR20) with an ,4-in microphone-tomouth distance. Recording was completed in a double-walled soundproof booth onto a Dell Optiplex 760 computer with an Analog Devices audio soundcard (ADI 198× Integrated HD) using Adobe Audition 3.0 (Adobe Systems, 2007) software at a sampling rate of 44.10 Hz with 16-bit resolution.
Procedure
Participants listened to each narrative via an Anchor Audio external speaker (Model AN 130BK) at 65 dB SPL, as verified by a Digital-Display sound level meter (Model 2103667) reading that was taken at the better ear. A Dell Inspiron notebook computer (Model 5150) using E-Prime 1.0 software (Schneider et al., 2002) delivered the stimuli. Participants with RHD completed all of the tasks in two 60-min sessions; NBD participants required only one 60-to 90-min session to complete the tasks.
Results
Preliminary Data Reduction and Analysis
Both groups were highly accurate at answering the postnarrative yes/no comprehension questions, RHD M = 94%, NBD M = 95%; t(18) = -0.64, p > .05. For the experimental task, accuracy and RT data were collected for the 20 probe words each in suppression and activation trials (see Appendix B for raw ms RTs). Accuracy and RTs for the filler trials, which were not considered in the major data analyses, were highly similar to those for the experimental trials. Data from inaccurate trials were excluded from the experimental RT analyses, as were extreme outlying data points (defined as values >3 SDs from each individual participant's mean). Experimental accuracy and RT proportion (shift/no shift) data distributions were then evaluated separately for each group by calculating ratios of skewness and kurtosis to their respective standard errors (Dixon, Brown, Engelman, & Jennrich, 1990) . All but one of these ratios was smaller than the absolute value of 2.0, indicating approximate normality of the data distributions (Dixon et al., 1990) . (The exception, for both groups, was for accuracy in the no-shift condition for the activation trials, and reflected a ceiling effect). Thus, parametric statistics were applied in the primary analyses of the accuracy and RT proportion data.
Primary Analysis: Suppression Trials
The NBD group was more accurate overall for both the shift condition, NBD M = 19 (1.2), RHD M = 17.3 (1.5), and the no-shift condition, NBD M = 19.5 (.76), RHD M = 17.8 (1.1). After the family-wise alpha adjustment, to account for multiple t tests on the same data set, however (.05/4 [shift and no-shift conditions for suppression and activation trials]), only the no-shift condition was significantly different between groups, t(18) = -.3.81, p < .0125; shift condition, t(18) = -.2.63, p > .0125.
RT proportions (shift/no shift; see Table 2 ) were calculated to adjust for interindividual differences in the basic manual RT (Tompkins et al., 2000 (Tompkins et al., , 2001 (Tompkins et al., , 2004 . Data were included in the proportion analysis if at least 80% of the RTs in each condition were valid (i.e., an accurate response that is not an RT outlier, for both repetitions of a target [shift, no shift]). Eight participants (6 RHD, 2 NBD) were just under this 80% threshold for the suppression trials. Analyses were conducted with and without these participants, and the pattern of results was unchanged; thus, the analyses including all participants are reported here.
In the case of a functioning suppression mechanism, the shift condition was expected to yield longer RTs than the no-shift condition, with a resulting proportion value >1. This is because in the shift condition, the concept being probed had been provided in a prior time frame and as such would be less accessible and would take longer to (re)activate. A suppression deficit is indexed by a proportion , ≤1, indicating no RT disadvantage for information that was probed from the representation of a prior time frame. The suppression trial RT proportions were submitted to a onetailed independent t test, and after the family-wise alpha adjustment (.05/2 [suppression and activation trials]), there was no significant difference between groups, t(18) = .020, p > .025.
The question arises whether group performance was reliably better than performance that would represent a suppression deficit. Two within-group t tests were conducted, in which the obtained RT proportion data were contrasted with a hypothetical data set in which each participant was assigned an RT proportion of 1.0 (i.e., a suppression deficit). Results indicated that overall, neither group had a suppression deficit, NBD t(7) = 26.22, p < .025; RHD t(11) = 16.43, p < .025, thereby establishing that the experimental task was sensitive to the suppression function.
Group performance rarely represents all individuals, and we had predicted that individuals with RHD would not be homogenous in their suppression effectiveness. Thus, the RT proportion data were submitted to a cluster analysis to determine if the RHD participants could be organized into meaningful subgroups based on their suppression function. A hierarchical cluster analysis using Ward's method (Byrne & Uprichard, 2012) was conducted to determine the optimum number of clusters. The total sum of squared deviations from the mean of a cluster is used to determine cluster membership. This analysis yielded two clusters. The hierarchical cluster analysis was then rerun using the two prescribed clusters to assign participants to each cluster. The first cluster included eight participants with suppression proportion values between 0.86 and 1.16, and is taken to identify those with a suppression deficit. The second cluster included four participants with suppression proportion values between 1.29 and 1.57 and is taken to identify those with unimpaired suppression function. Demographic and clinical/neuropsychological data were inspected to examine potential differences between the RHD subgroups that were identified via cluster analysis. Due to small sample sizes, no statistical analysis was performed. The few potential differences are cataloged in Table 3 .
Primary Analysis: Activation Trials
The NBD group was slightly more accurate than the RHD group in the shift condition, NBD M = 19.5 (.53), RHD M = 18.3 (1.76), but both groups were equally accurate in the no-shift condition, NBD M = 19.1 (.99), RHD M = 19.1 (1.38). There were no statistical differences between groups in either the shift condition, t(18) = -2.30, p > .0125, or the no-shift condition, t(18) = -.07, p > .0125.
RT proportions (shift/no shift; see Table 2 ) were calculated using the same procedures as for the suppression trials. Five participants (3 RHD, 2 NBD) were just under the 80% threshold for data inclusion for the activation trials. Because the pattern of results did not change in analyses that were run with and without these participants, the results below reflect analyses with all participants. For the activation trials, if a participant was slow to retrieve the probed concepts in the new time frame, or slower to (re)activate it when probed after 12 syllables had elapsed, the shift condition would yield longer RTs than the no-shift condition and a proportion value >1. The information being probed in the activation trials occurs after the time frame shift, so if the probed concept takes longer to retrieve or (re) activate from the mental lexicon in the new time frame versus the continuous time frame, it is indicative of an activation deficit. RT proportions were submitted to a one-tailed independent t test, which indicated a significant difference between groups, t(18) = 2.24 p < .025. Participants with RHD as a group were slower than the NBD group to (re) activate the information in the new time frame.
To assess potential individual differences within the group with RHD, the activation RT proportions were submitted to a hierarchical cluster analysis with participants from both the RHD and NBD groups combined. This approach allowed us to explore whether some adults with RHD patterned like the NBD group, despite the overall difference between the groups. Using Ward's method (Byrne & Uprichard, 2012) , three clusters emerged. The hierarchical cluster analysis was then repeated with the three prescribed clusters reflecting degrees of delay in activation trials. There was a mix of participants from both the RHD and NBD groups in two of the clusters, and the third cluster contained only NBD participants. The first cluster included participants with the most delayed activation, with proportion values between 1.37 and 1.61 (RHD = 4, NBD = 1); the second cluster included proportion values between 1.13 and 1.31 (RHD = 8, NBD = 4); and the third cluster included proportion values between .93 and 1.06 (NBD = 3).
Relationship Between the Suppression and Activation Functions
We completed a correlation analysis separately for each group to determine if there was a relationship between the suppression and activation RT proportions. A positive correlation between the two RT proportions for adults with RHD could suggest that apparently good suppression function in RHD (larger RT proportion; i.e., slower after an event boundary) might instead be an artifact of a general slowing to retrieve or (re)activate concepts after an event boundary (larger RT proportion; i.e., an activation deficit). Due to small participant numbers, an effect size criterion (r = .50, a medium effect; Cohen, 1988) was used to interpret the resulting correlation coefficients. By this criterion, there was no relationship between the suppression and activation RT proportions for either group. The Pearson product-moment correlation coefficient for both groups was far below the selected effect size, RHD (df 10) = 0.29; NBD group (df 6) = 0.11. The relationship between the suppression and activation deficit in the group with RHD was further explored via Fisher's exact test on 2 × 2 contingency data (suppression deficit [yes, no] ; activation deficit [yes, no] ). The result of this analysis was not significant, p(2-tailed) = .24.
Relationship Between the Lexical-Level and Narrative-Level Suppression Deficits
Diagnostic measures for the lexical-level deficits were built on the experimental tasks and procedures from prior studies Tompkins et al., 2000 Tompkins et al., , 2001 ). In the diagnostic task, participants judged as quickly as possible whether a probe word fit with the meaning of a preceding sentence and were diagnosed with a deficit when their RTs were slower than the 2-SD margin obtained for 71 older healthy adults. Half of the participants in the RHD suppression deficit subgroup in our study had been recently diagnosed in this manner with a suppression deficit for lexical-level material. The other four participants in the RHD suppression deficit subgroup were not available to participate in the lexical-level diagnostic procedures. Of the four participants in the no-deficit RHD subgroup, all were tested at the lexical level, and only one was diagnosed with a lexical-level suppression deficit.
Discussion
This study evaluated the functioning of the suppression mechanism in adults with RHD as they processed narratives that included a time frame shift. Based on theory and evidence that suppression is a general comprehension mechanism that works across domains (Gernsbacher, 1990 (Gernsbacher, , 1995 , we predicted that a documented deficit in suppressing contextually irrelevant meanings of words would similarly be evident when adults with RHD processed narratives with discontinuous time frames. The group of adults with RHD was expected to have difficulty, after a time frame shift, suppressing mental activation for information from a prior point on a narrative time line. This prediction, however, did not obtain for the group as a whole, with no differences in the suppression RT proportions between the group with RHD and the NBD group. In the studies of suppression at the lexical level, the tobe-suppressed information (e.g., the card-playing meaning of spade) was contextually incompatible with the intended interpretation of a stimulus (e.g., ''He dug with a spade''; Tompkins et al., 2000) . In the current study, there was no such incompatibility. Rather, the material to be suppressed was represented at a different point on the single, linear dimension of time. This representational difference may make suppression easier for concepts from a prior narrative time frame than for distinct, contradictory meanings of lexical items. Also in the lexical-level studies, the sentence stimuli in the sequential experimental trials were semantically and thematically unrelated and differed in all five dimensions of the event-indexing model (Zwaan et al., 1995) . In the current study, sequential trials occurred in the context of a continued theme and maintained the other dimensions of the event-indexing model. Perhaps the continuity between experimental trials for the narratives in the current study provided relatively less impetus to suppress.
Another difference between the lexical-level studies and this narrative-level study is the length of time the participants had to engage the suppression mechanism. The stimuli in the lexical-level studies were short sentences that ended in ambiguous target words, followed relatively quickly (175 ms and 1000 ms) by a probe of one interpretation of the target concept. In our study's narrative stimuli, the continuation of the story results in a much longer interval between when a concept was introduced and the probe of that concept (M = 18.1 syllables), allowing more time for suppression to occur. Perhaps if there was less time between a target concept and its probe, a group suppression deficit would be evident for adults with RHD at the narrative level.
Although group differences in the suppression function were not realized in our study, this finding is consistent with prior results from Tompkins et al. (2001) , which suggest that it may be the consequence of a suppression deficit, rather than the fact of such a deficit, that at times distinguishes older adults with and without brain damage. In the Tompkins et al. study of ambiguous inferential material, both groups experienced a delay in discarding contextually inappropriate, alternative inferences, and suppression effectiveness was not significantly different at the group level. However, at the individual participant level, suppression effectiveness predicted narrative comprehension only for those in the group with RHD. Indicative of the expected individual differences in suppression function (Gernsbacher, 1990 (Gernsbacher, , 1995 Tompkins et al., 2000) , there was a range of RT proportion values in our study. Cluster analysis identified eight of the 12 adults from the RHD group who did evidence a suppression deficit. Demographic and clinical/neuropsychological data were explored for potential differences between the two subgroups of participants with RHD. Compared with the no-deficit subgroup, the subgroup with a suppression deficit was a few years older and slightly more educated and had slightly better scores on the measure of estimated working memory capacity for language (Lehman & Tompkins, 1998; Tompkins, Bloise, Timko, & Baumgaertner, 1994) .
Although these differences are small, if substantiated in future work, they are consistent with evidence suggesting that (a) older individuals may have difficulty inhibiting irrelevant information (Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993) and (b) adults with higher working memory capacity may entertain competing stimulus representations longer than adults with lower capacity (MacDonald, Just, & Carpenter, 1992; Miyake, Just, & Carpenter, 1994) . As such, what could be defined as a suppression deficit may reflect the possibility that some people simply are less apt to try to suppress information from a representation of a prior event.
In terms of clinical variables, 50% of the suppression deficit subgroup (i.e., 4 of 8) had hemispatial neglect, whereas only 25% (1 of 4) of the no-deficit subgroup did. Neglect has been conceptualized as a difficulty with selective attention (e.g., Heliman & Valenstein, 1979; Hillis et al., 2005; Mesulam, 1981) . Perhaps the participants with neglect had more difficulty attending to markers of event boundaries that trigger the suppression of information from a prior time frame, or perhaps they had fewer attentional resources to support integration of the time shift and updating of the mental model (Ditman et al., 2008; Ericsson & Kintsch, 1995; Zwaan & Radvansky, 1998) . There were no obvious differences between the subgroups in lesion location based on MRI scan reports, but more sophisticated analysis of lesions might yield some distinctions in site and/or size.
Interestingly, in our study, the alternative hypothesis of an RHD activation deficit was accurate for the group with RHD. That is, the group of adults with RHD was slower than the NBD group to mentally (re)activate concepts after an event boundary, in a new narrative time frame. There are several potential reasons for this unexpected result. First, it may be attributable in part to a mismatch between the anticipated duration of a narrative event, on the one hand, and the specified amount of time that elapsed as that event occurred, on the other. Comprehenders infer from both text and world knowledge whether an event is still ongoing or is completed, with ongoing events remaining mentally active and completed events signaling an event boundary (Speer & Zacks, 2005; Zwaan, 1996; Zwaan & Radvansky, 1998) . In our study, examples of events immediately before the time frame shift cue included working on a crossword puzzle, arranging items on a shelf, and decorating for a party. Although these events could easily be completed within the 1-hr duration specified by the time shift cue, they also could logically remain ongoing after that time period. Thus, even though the narrative time frame shifts do not strictly induce a competing interpretation, it is possible that adults with RHD experienced conflict between their anticipated event duration and the narrative-specified durations of these events. This conflict could make it difficult for an individual to determine when or even if an event boundary should be established in the presence of a time frame shift cue. In this scenario, it is likely that extra processing time was devoted to resolving these conflicting cues, with a resultant delay in other, subsequent comprehension processes, including (re)activation of new concept information after the time shift cue. A conflict of this sort also may slow subsequent processing of the information provided after the time shift cue, as adults with RHD work to revise their initial assumptions about the expected duration of a given event. Revising initial inferences is a known deficit area that has been documented previously for some adults with RHD (Brownell, Potter, Bihrle, & Gardner, 1986; Tompkins et al., 1994 Tompkins et al., , 2001 .
The slower processing of information after the time frame shift for adults with RHD also could be a result of a more general difficulty with building basic mental structures, or representations, during language comprehension. Per the structure-building framework of comprehension (Gernsbacher, 1990 (Gernsbacher, , 1995 , comprehenders initiate mental structures as they process incoming stimuli but shift to initiate new substructures when they are confronted with something that does not easily map onto the original representation. Such a shift would be triggered by the time frame shift cues that are used to signal event boundaries in the current study. Perhaps the slower activation or retrieval of information following the time frame shift reflects the additional processing time needed for adults with RHD to integrate the time shift and update their mental representation of the narrative (Ditman et al., 2008) . The group RHD activation deficit, coupled with the overlap between several subsets of participants with RHD and NBD, will be important to replicate and explore further in order to understand the consequences of an activation deficit on narrative comprehension by adults with RHD.
The current study identified an overlap in suppression deficits at the lexical and narrative levels for some adults with RHD. With one exception, the adults with RHD available for testing were consistent in their classification, at both levels, into either the suppression deficit subgroup or the nodeficit subgroup. The exception was a participant who was diagnosed with a lexical-level suppression deficit but without a comparable deficit in this narrative study. This overlap for 88% of the RHD sample speaks again to the generality of suppression, which acts across language levels and domains (Gernsbacher, 1990 (Gernsbacher, , 1995 . Clinically, this overlap also suggests that treatment for suppression deficit at one level may generalize to the other.
The lack of a relationship between suppression and activation functioning is an intriguing finding in this study. A relationship between these deficits in adults with RHD could be interpreted as either (a) slower processing (an activation deficit) propagating and subsequently generating a suppression deficit for the information in the new time frame, or (b) slower activation of concept information in the new time frame being a consequence of a suppression deficit. The finding of no relationship between the suppression and activation proportions for the group with RHD could suggest that each deficit can occur independently. As a consequence, clinically, when an adult with RHD has both deficits, treatment may be necessary for both.
Conclusion
Although there was no group suppression deficit for the adults with RHD as they processed narratives that signaled a time frame shift, a suppression deficit was identified for eight of the 12 individuals in the group. There was a strong correspondence between suppression function in this study and at the lexical level for the adults with RHD. The group with RHD was delayed in (re)activating concept information after a cue to shift narrative time frame, though some individuals with RHD patterned with the NBD group. There was no relationship between the effectiveness of suppression and activation following the cue to shift the narrative time frame. Overall, a better understanding of the nature and boundary conditions of RHD suppression and activation deficits should help to shape diagnostic procedures and focus treatment plans for this population.
